INTRODUCTION
The Atlantic surf clam, Spisula solidissimu (Dillwyn, 1817) , occurs from Nova Scotia to North Carolina (Abbott 1974) andrepresentsthe secondmost valuable clam fishery in the United States. The potential for the development of aquaculture for yearling surf clams in the northeastem US has been investigated (Go1dberg 1980 (Go1dberg ,1989 and attempted commercially (Monte, personal communications) . In Georgia, juvenile Atlantic surf clams planted in fall and harvested in spring exhibited some of the fastest growth rates recorded for this species. Clams planted in November (at approximately 10 mm in shell length) achieved a mean size of 50 mm in shell length by May (Goldberg and Walker 1990; Walker and Heffernan 199Oa,b,c,d) . The size of this animal is ideal for the raw or steamer clam markets (Krzynowek et al. 1980; Krzynowek and Wiggin 1982) .
Experimental growout trials in Georgia indicate that the potential for surf clam aquaculture in the southeastem U.S. is excellent (Goldberg and Walker 1990; Walker and Heffernan 1990a,b,c,d) . Surf clams must be harvested by mid to late spring (April/May), since high summer water temperatures (>28"C) that occur in coastal Georgia would cause physiological stress resulting in 100% mortality (Goldberg 1989) .
The GeorgiaDepamnent of NaturalResomes cmntly bans the importation of bivalve seed into the state due to the threat of possible importation of shellfish pathogens along with the seed stock. Therefore, an aquacultural industry would need another method of continuing the propagation and replenishment of stocks for the following year's crop. This study determines the gametogenic cycle of the non-~~ *Corresponding author native Atlantic surf clam when cultured under field conditions in the coastal waters of Georgiaand investigates whether or not field-planted animals reach sexual maturity and spawn within a single year. If this occurs, then a major biological hurdle to the development of this clam as a commercial aquacultural species for the southeastem US fishermen will be overcome.
MATERIALS AND METHODS
The first generation of surf clams was spawned within (Figure 1 ). In midMarch, cages and animals were transplanted to the spring low water mark. This was done to extend the length of the feeding period in the hopes of enhancing growth rate.
Between October 1992 and June 1993,30 clams were randomly collected each month from a different cage, measured for shelllength(i.e. longestpossiblemeasurement, anterior-posterior), and a mid-lateral gonadal sample (ca 1 cm') was dissected from each clam. Gonadal tissue was fixedinDavidson's solution,refrigerated for48 hours, washed with 50% ethanol (Etoh), and held in 70% Etoh until processing. Tissue samples were processed according to procedures outlined in Howard and Smith (1983) .
Prepared gonadal slides were examined with a Zeiss Axiovert 10 microscope (20X), sexed, and assigned to a developmental stage as described by Ropes (1968) and Kantiet al. (1993) . Staging criteriaof 0 to 5 were employed for Early Active (EA=3), Late Active @Ad), Ripe (R=5), Partially Spawned(PS=2), Spent (S=l), andInactive (IA=O). Monthly gonadal index (G.I.) values were determined for each sex by averaging the number of specimens ascribed to each category score.
Sex ratios were tested against a 1:l ratio with ChiSquare statistics (Elliott 1977 were placed on site from March to June 1993. As shown in Figure 2 , water temperatures at the dock location are generally representative of temperatures at the test site. and April ( Y = 35.9) and increased again from April to June (Figure 3) . The decrease in growthrate between March and April was probably caused by the stress endured by the animals when cages were moved to the spring low water mark from the mean low water mark. (Figure 4) .
RESULTS

Surf
A total of 259 clams were histologically sectioned, of which 32.8% were undifferentiated, 45.6% were males, and32.8% werefemales. Thesexratiowas0.48femaie:1.00 male and significantly differed from parity ( x2 = 22.09; P c 0.ooOl).
DIScussION
Results of this study indicate that non-native Atlantic surf clams, reared within the coastal waters of Georgia, attainedsexualmatmity andspawned. InGeorgia,spawning occurs in spring at approx jmately the time that field p€anted animals must be harvested. Once ambient water tempe~sexceed28"C, totalmortalityresults. Spawning commenced in May after a 7°C increase in temperature from early April (X = 18.6"C) through May ( 3 = 24.9"C). This pattem reflected that of a population off the shore of New Jersey as characterized by Ropes (1968) . A clam farmer in Georgia could obtain broodstock from field growout plots prior to temperature-induced mortality and the final harvest of the crop. Broadstock could be supplied toahatchery foreither further conditioning in temperatureregulated tanks or animals could be spawned directly after collection. A hatchery operator could produce seed needed for the following fall field planting from yearling animals. One consideration in using yearling surf clams for broodstock is the unequal sex ratio, since there are fewer females produced within the yearling age group. Unequal sex ratio is not an uncommon phenomenon among juvenile bivalves. In this study, yearling surf clams had a sex ratio of 0.48 female to 1 .OO male. Equal sex ratios for surf clams in field populations have been reported (Ropes 1968; Jones 1981; Sephton 1987; Kanti et al. 1993) . However, it is not unusual for protandrous bivalves to mature primarily as males within the first breeding season before equal sex ratios occur in older age classes (Joosse and Geraert 1983; Eversole 1989 ). This has been observed for Mercenuriu mrcenariu (Eversoleet al. 1980; Daltonand Menzell983;  Walker and Heffeman 1993, Arcticu isludca (Rowell et al. 1990) , and Punope ubrupru (Goodwin 1976; Sloan and Robinson 1984) populations.
G~C K~E N I C
CY-OF SURF CLAMS
Since bivalve fecundity is related to size (Eversole 1989) , older, larger females will produce more eggs per spawn. Thus, it wouldbe prudent for the hatchery operator to keep yearling females within the hatchery under regulated water temperatures over summer and replant them in field plots the following fall.
In this study, the Atlantic surf clam achieved sexual maturity within approximately one year when cultured within the coastal waters of Georgia. Spawning occurred between May and June when animals were at a mean size of 39.2mmand42.6mm,respectively. Althoughtheclams were reared in non-native conditions, sexual maturity occurred at a smaller size than previously recorded for Spisula. Belding (1910) Canadian population, sexual maturity occurred at four years of age and at a size of 80 mm (Sephton and Bryan 1990) .
obtainedameansizeof42.6mmby
June when fieldplanted in Georgia, whereas, in previous studies, a mean size of 60 mm in shell length had been achieved (Walker and Heffeman 1990ab). The slower growthobservedbetween March and April is probably related to the initial mean low water planting height and disruption caused by cage movement. Surf clams achieve greater size when planted at the spring low water mark and subtidal areas than at the mean low water mark (Walker and Heffernan 1990b).
In this: Study, Georgia hatchery-prduced seed (19 IIUII) Thus, greater-sized individuals with a greater potential fecundity can be produced by planting the crop lower in the intertidal zone or in subtidal areas. Ifa surf clam aquacultural industry develops in Georgia or the southeastern US, the need for the continual introduction of non-native seed from northem US areas or hatcheries would be eliminated. An aquacultural enterprise in Georgia could obtain broodstock for the production of the following fall's seed crop from the prior year's growout field planted clams before their spring harvest. Thus, once animals are brought into the state under the ICES guidelines for the introduction of exotic species, an industry can be developed from stocks supplied by that single introduction.
